To evaluate morphological and functional aspects of the ovarian graft in transplanted rats treated with NAC.
INTRODUCTION
Life expectation of adult women, who survived adolescence or infancy cancer treatment has increased, thanks to early diagnostic and treatment in oncologic centers 1, 2 . Early menopause induced by cancer treatment is often followed by osteoporosis, early cardiovascular diseases and infertility, besides a prolonged hormonal reposition treatment requirement (TRH) 1. There are several alternatives aiming to reduce the adverse effects of chemotherapy and radiotherapy on ovaries, such as the transposition (temporary removal) of ovaries, also known as oophorectomy, the use of antagonistic drugs to Gonadotropin Releasing Hormones (GnRH) together with chemotherapy and new apoptosis antagonistic drugs 3 . For those patients, who need immediate oncologic treatment, a promising option is the oophorectomy, the cryopreservation of ovaries and its posterior re-implantation, after the end of treatment 1 . For the preservation of treated women fertility, several techniques may be used: some already widely used, such as cryopreservation of embryos, mature or premature follicles, others are still experimental, such as the transplantation of ovarian tissue 3, 4 .
Ovarian transplantation has been studied in several experiments, both on animals and humans, and has been described as a promising alternative for those patients, who will be submitted to oncologic treatment 5, 6 . Even thought, until now, it has been described a short survival time of the transplanted ovarian, with loss of more than 50% of the ovarian follicles after transplantation 5 .
Several factors are involved in this problem, but ischemia seems to play an important role in this process. 1, 5 Some studies have been performed, in search for strategies for the attenuation of the ischemia and reperfusion lesion (I/R): angiogenic factors, which stimulate new vessels formation, antioxidating substances, such as E vitamin, GnRH analogous and ischemic preconditioning [7] [8] [9] [10] .
Some previous works have shown the positive effect of N-Acetylcysteine (NAC) at 150 mg/kg dose on various organs. NAC is a low molecular weight thiol, it is derived from cysteine and acts removing reacting species of oxygen, besides improving the action of nitric oxide, acting on the regulation of microcirculation [11] [12] [13] . Usta et al. 14 showed NAC improved tissue recovering in ovaries, which had been submitted to torsion and distortion. Some other studies use NAC in polycystic ovarian syndrome patients, resulting in improved sensibility to insuline 15, 16 .
Considering the positive effects of NAC in clinical or experimental studies, this work aims to evaluate the post transplant effect of NAC on ovarian graft in rats treated with N-Acetylcysteine. One hour before ovarian transplantation, animals were randomly allocated into five groups, with 10 animals each, according to the treatment. Four groups were treated subcutaneouslyalong the linea alba -with NAC, at doses of 150mg/kg, 300mg/ kg, 600mg/kg or 1200mg/kg -NAC150, NAC300, NAC600 and NAC1200 groups, respectively. One group was treated with 0.9% Sodium chloride solution and was considered control, named GTx.
METHODS

This
The autologous left ovarian transplantation was performed in anesthetized rat (Xilazine, 15 mg/kg and Ketamine, 60 mg/kg). The anaesthesia was applied on the lateral side of the left hind leg, intramuscularly.
After medial laparotomy, the left ovarian was carefully removed, through a ligation of the pedicle, and on the junction of the left horn, using 6-0 size nylon. The left ovarian was washed using 0.9% Sodium chloride solution and uterine tubes and periovarian fat were removed. To ovarian transplantation, the left ovarian was fixed in retroperitoneal position, close to the large vessels and, without vascular anastomosis. The right ovarian was removed and anatomical-pathological evaluation was conducted to exclude previous existing disorders.
At the end of 4 th or 15 th days, rats were re-anesthetized and blood and graft were obtained to estradiol analysis and morphological assessment, respectively.
The ovarian graft was fixed in 10% formalin and embedded to paraffin to histological procedures. Five micra slides were stained with haematoxylin-eosin and assessed by blinded investigator. 
RESULTS
After 4 or 14-16 days of follow-up, serological levels of estradiol were similar among groups (p=0.051 and p=0.51, respectively).
At 4 th day after transplantation, ovarian graft morphology indicated that NAC treatment promoted high numbers of atretic follicles in NAC300 and NAC600 groups ( Figure 1 ). Primordial follicle, preantral follicle, antral follicle and functioning and degenerated corpora lutea were similar among groups.
At 14 th day after transplantation, ovarian graft morphology indicated that NAC treatment promoted high numbers of primordial follicles in NAC600 and NAC1200 groups ( Figure   2 ). Preantral follicle, antral follicle, atretic follicle, functioning and degenerated corpora lutea were similar among groups.
FIGURE 1 -Number of atretic follicle on 4 th -day of autologous ovarian transplantation in rats. Rats previously treated with NAC at dosis of 300 and 600 mg/kg (NAC300 and NAC600, respectively) augmented the number of atretic follicle in the graft. One way analysis of variance complemented by Student-Newman-Keuls test; *, p<0.05 vs control. Figure 3 ).
of the transplants, NAC treatment promoted a better preservation of the corpus luteum, reducing the degenerative process at the later analysis stage, on day 14. A study realized on polycystic ovarian syndrome patients, which compared the effect of metformin to those of the association metformin + NAC for short times (5 days), showed NAC is effective in inducing ovulation, even if the number of mature follicles was not significant, as it was confirmed in our experience 23, 25 .
DISCUSSION
Oktay et al. 26 observed the levels of estradiol in the xenotransplantation and found signals of a estrogenic effect in the genitalia, even if there was a lower number or absence of growth Comparing the response of the animals at 4 and 14 days after surgery, the animals, which had been treated with NAC1200
showed a better tissue preservation on later stage, with a significant higher number of premature follicles (p=0.018). In all treatment groups at day 14 after transplantation there was an increase in the number of functional corpora lutea, but this was significant just in the group treated with NAC150 (p=0.02 . Li et al. 28 also describe an elevation of estradiol levels studying follicular growth and oocyte development after transplantation in muscle of spayed male mice.
D'Acampora et al. 17 analysed the transplantation in female rats and perceived, on the 7 th day the recovery of the follicular production, which persisted until the 14 th day, with the presence of follicles in 75% of the ovaries. Israely et al. 4 implanted grafted ovarian transplants in granulation tissues and showed better vascularization and an higher number of viable follicles, which may serve as a model to reduce the ischemic period and to extended the functionality of the transplant. In this same study NAC was important on the latest stage, protecting the follicles from being atretic, with an anti-apoptosis effect.
Damous et al. 7 showed a tendency to the increase of the follicles number at 48 hours using PCI-R. It is important to stress the direct correlation existing between follicle size and its susceptibility to damages caused by ischemia: antral follicle has an higher tendency to degeneration than primordial follicle.
According to Damous et al. 7 , PCI-R showed positive effects at the 5 th day after surgery, with the presence of ovarian follicles at different development stages and corpus luteum, even if an intense inflammation infiltrate was present. D'Acampora et al. 17 showed similar findings.
Fabbri et al. 18 studied ovarian tissue from a woman, who suffered breast cancer at the age of 26: after freezing, defrosting and 32 weeks growth, the authors could observe the synergy between NAC and FSH, with improvement on growth and preservation of the pre-antral follicle. On follicular growth, after some days of development, the follicle shows some signals of atresy. In vitro studies have produced the complete development from primordial follicle to ovulatory mature follicle just in mice. In humans, the same studies have only produced the maturation from pre-antral to antral stage and from primordial to primary and secondary follicles 25 . The return to gonad functionality on long term ovarian transplantation depends on the survival and growth of the follicles, which itself depends, from the capacity to ovulate 29 .
CONCLUSION
In autologous ovarian transplantation, high dose of NAC promotes graft viability with recovery of estrous cycle.
